Background. Bacterial peritonitis is a frequent complication in patients on peritoneal dialysis (PD). We previously reported that PD fluid (PDF) suppressed expression of monocyte chemoattractant protein 1 (MCP-1) in mesothelial cells in vitro and in vivo, which was ascribed to the suppression of nuclear factor-κB (NF-κB). To elucidate molecular mechanisms underlying this effect, we tested a role of endoplasmic reticulum (ER) stress. Methods. Mesothelial cells and other cell types were exposed to acidic stress, and induction of the unfolded protein response was examined. Peritoneal induction of ER stress was also tested in mice exposed to acidic and neutralized PDF. Activation of NF-κB and expression of MCP-1 by tumour necrosis factor-α were evaluated in mesothelial cells under acidic and ER stress conditions. Peritoneal expression of MCP-1 and infiltration of monocytes were compared in lipopolysaccharide (LPS)-treated mice between normal and ER stress conditions. Results. PDF, but not neutralized PDF, caused ER stress in the peritoneum. In vitro, acidic stress, but not metabolic and osmotic stress, induced ER stress in mesothelial cells and other cell types and suppressed activation of NF-κB and NF-κB-dependent MCP-1 induction. This effect was reproducible by other ER stress inducers, and attenuation of ER stress reversed the suppressive effect of low pH on NF-κB. Like PDF, ER stress inducers suppressed expression of MCP-1 and infiltration of mononuclear cells in the peritoneum of LPS-treated mice. Conclusion. These results indicate a role for the acidic stress-ER stress pathway in blunted activation of NF-κB, which may cause perturbation of monocyte recruitment by mesothelial cells in PD patients.
Introduction
Acidosis occurs under various pathophysiological situations and affects local and systemic cell functions. Metabolic acidosis and respiratory acidosis are typical examples for systemic acidosis. Acidic milieu is also developed locally, e.g. within tumours, which may determine sensitivity to radiation and chemotherapeutic agents. For example, glioblastoma is resistant to radiochemotherapy, and it is caused by local acidic microenvironment [1] . Local acidosis also occurs artificially during peritoneal dialysis (PD). PD fluid (PDF) has several unphysiological properties including acidic pH [2] . Direct exposure to PDF causes cellular stress in the peritoneum and interferes with mesothelial cell function. We previously reported that intra-peritoneal administration with PDF suppressed the expression of monocyte chemoattractant protein 1 (MCP-1) and the infiltration of mononuclear cells in the peritoneum of mice, following injection with lipopolysaccharide (LPS) [3] . Among the unphysiological properties of PDF, low pH was responsible for the blunted induction of MCP-1. The attenuated response was ascribed, at least in part, to suppression of nuclear factor-κB (NF-κB) by low pH [3] . However, currently, molecular mechanisms underlying the suppression of NF-κB by acidic stress are unknown.
Endoplasmic reticulum (ER) stress is defined as an accumulation of unfolded or misfolded proteins in the ER. ER stress is caused by various environmental factors including hypoxia, nutrient deprivation and alterations in the redox balance [4] . Previous reports suggested that biopsies of the parietal peritoneum from patients on PD showed ultrastructural alterations in the mesothelium including excessive development of the rough ER [5] . Another report also showed that rats with recurrent injections of PDF exhibited expansion of the ER in mesothelial cells [6] . These results imply a possibility that PDF induces ER overload in the mesothelium. ER stress Fig. 1 . Induction of ER stress by acidic stress. (A) PBS or Dianeal 1.5% was administered twice into the peritoneal cavity of mice at 0 and 4 h. At 8 h, the peritoneum was sampled and subjected to northern blot analysis of GRP78. (B, D) MeT5A mesothelial cells (B) and SM43 mesangial cells (D) were exposed to low pH (6.2), high lactate concentration (High Lac; 40 mM) or high glucose concentration (High Glu; 3.0 g/dL) for 8 h, and expression of GRP78 was evaluated. Treatments with tunicamycin (Tun; 10 μg/mL) and thapsigargin (Thap; 1 μM) were used as positive controls. (C) MeT5A cells were exposed to low pH (6.2) for up to 6 h and subjected to western blot of phosphorylated eIF2α and total eIF2α protein. (E)   4054 H. Johno et al.
triggers an adaptive programme, namely, the unfolded protein response that may affect activity of an array of kinases and transcription factors. Based on this current knowledge, PDF may induce ER stress via acidic stress and thereby inhibit activity of NF-κB. The present investigation was performed to examine this hypothesis.
Materials and methods
Reagents Dianeal 1.5% was purchased from Baxter Healthcare Corporation (Chicago, IL) and used as PDF. The properties of Dianeal 1.5% are: pH 5.2, glucose concentration 1.36 g/dL and lactate concentration 40 mM. Human tumour necrosis factor-α (TNF-α) was purchased from Genzyme (Cambridge, MA), and 2-morpholinoethanesulfonic acid monohydrate (MES) was from Dojindo (Kumamoto, Japan). Other reagents, including tunicamycin, thapsigargin, D-glucose, sodium lactate and LPS, were obtained from Sigma-Aldrich Japan (Tokyo, Japan). Immunoglobulinbinding protein (BiP) inducer X (BIX) was provided by Hideaki Hara (Gifu Pharmaceutical University, Gifu, Japan) [7] . Culture media at low pH were prepared by adding MES. Culture media at high glucose concentrations were prepared by adding D-glucose to glucose-free Dulbecco's modified Eagle's medium (DMEM) (Gibco-BRL, Gaithersburg, MD). The Dianeal at neutral pH was prepared by adding HEPES.
Cell culture
The human mesothelial cell line MeT5A ( provided by Dr Curtis C. Harris; National Institute of Health, Bethesda, MD) [8] was generally used for studies and maintained in DMEM/Ham's F-12 ( pH 7.4; glucose concentration 315 mg/dL) (Gibco-BRL) supplemented with 5% fetal bovine serum (FBS). Peritoneal mesothelial cells in primary culture were also established from C57BL/6 mice by the method previously described [9] . Human glioblastoma cell line T98G was obtained from Cell Resource Centre for Biomedical Research (Tohoku University, Miyagi, Japan). SM43 rat mesangial cells were established as described previously [10] . Medium containing 1% FBS was generally used for experiments.
Establishment of reporter cells
NF-κB reporter cells were established as described before [3] . In brief, MeT5A cells were stably transfected with pNFκB-SEAP (BD Biosciences, Palo Alto, CA) together with pcDNA3.1 (Invitrogen, Carlsbad, CA). pNFκB-SEAP codes for secreted alkaline phosphatase (SEAP) under the control of the κB enhancer elements.
Transient transfection
Using electroporation, MeT5A cells were transiently transfected with pNFκB-Luc (Panomics, Fremont, CA) that encodes firefly luciferase under the control of the κB enhancer elements. After transfection, cells were stimulated by TNF-α in the presence of low pH, tunicamycin or thapsigargin for 8 h and subjected to chemiluminescent assay to evaluate luciferase activity. Assays were performed in quadruplicate.
Luciferase assay
Luciferase activity was evaluated by chemiluminescent assay using Luciferase Assay System (Promega, Madison, WI).
Formazan assay
The number of viable cells was assessed by formazan assay using Cell Counting Kit-8 (Dojindo Laboratory, Kumamoto, Japan) and used for normalization of luciferase activity [11] . Assays were performed in quadruplicate.
Northern blot analysis
Total RNA was extracted by the single-step method, and northern blot analysis was performed as described before [12] . cDNAs for MCP-1 [13] , SEAP (BD Biosciences), 78 kDa glucose-regulated protein (GRP78) [14] and CCAAT/enhancer-binding protein homologous protein (CHOP) [15] were used for preparation of radio-labelled probes. Expression of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a loading control. Densitometric analysis was performed using Scion Image (Scion Corporation, Frederick, MO).
Western blot analysis
Western blot analysis was performed by the enhanced chemiluminescence system (Amersham Biosciences; Buckinghamshire, UK) as described previously [16] . Primary antibodies used were: anti-phosphoeIF2α (Ser51) antibody and anti-eIF2α antibody (Cell Signaling Technology, Beverly, MA). Cleavage of activator proten 6 (ATF6) was evaluated by western blot analysis as described before [17] . In brief, T98G cells were transiently transfected with pCMV-3xFLAG-ATF6 [18] , stimulated with low pH and subjected to western blot analysis using anti-FLAG antibody (Sigma-Aldrich Japan). As a loading control, a level of β-actin was evaluated using anti-β-actin antibody (SigmaAldrich Japan).
Reverse transcription-polymerase chain reaction
Total RNA was extracted using TRIzol Reagent (Invitrogen) and subjected to reverse transcription using Omniscript RT Kit (Qiagen, Tokyo, Japan). Reaction mixtures without reverse transcriptase were used as negative controls. Splicing of X-box-binding protein 1 (XBP1) messenger RNA (mRNA) was examined using following primers: 5′-AAACAGAG-TAGCAGCTCAGACTGC-3′ and 5′-TCCTTCTGGGTAGACCTCTGG-GAG-3′. As an internal control, the level of GAPDH mRNA was examined using following primers: 5′-ACCACAGTCCATGCCATCAC-3′ and 5′-TCCACCACCCTGTTGCTGTA-3′.
Trypan blue analysis
The number of viable cells and dead cells was assessed by trypan blue exclusion [11] . Assays were performed in quadruplicate.
Animal experiment
Phosphate-buffered saline (PBS) ( pH 7.4; 4 mL) or Dianeal 1.5% (4 mL) with or without neutralization by HEPES was administered into the peritoneal cavity of adult male C57BL/6 mice (body weight 25 g). In some experiments, LPS (100 μg per mouse), tunicamycin (0.6 mg/kg) and thapsigargin (1.25 mg/kg) were also injected intra-peritoneally. After 6-48 h, the peritonea were sampled and subjected to northern blot analysis. Peritoneal lavage was also performed using 1 mL of PBS, and the number of infiltrating mononuclear cells was evaluated quantitatively [3] .
Statistical analysis
In reporter experiments, assays were performed in quadruplicate, and data were expressed as means ± standard error. Statistical analysis was T98G glioblastoma cells were exposed to physiological pH (7.4) or low pH (6.0) for 6 h, and expression of GRP78 was evaluated by northern blot analysis. (F) T98G cells were transfected with pCMV-3xFLAG-ATF6, stimulated with low pH for up to 8 h and subjected to western blot analysis to evaluate cleavage of p90 ATF6. (G) T98G cells were stimulated with low pH or thapsigargin (1 μM) and subjected to reverse transcriptionpolymerase chain reaction analysis to evaluate splicing of XBP1 mRNA. XBP1(U), unspliced form; XBP1(S), spliced form. RT(−), without reverse transcriptase. (H, I) MeT5A cells were cultured at different pH (7.4-6.2) for 8 h (H) or at pH 6.2 for indicated time periods (0-10 h) (I) and subjected to northern blot analysis of GRP78. (J, K) MeT5A cells were cultured at different lactate concentrations (0-120 mM) (J) or treated with 40 mM lactate for indicated time periods (0-24 h) (K) and subjected to analysis. (L, M) MeT5A cells were cultured at different glucose concentrations (0.1-3.0 g/dL) (L) or exposed to 3.0 g/dL glucose for indicated time periods (0-24 h) (M) and subjected to analysis. In (H)-(M), the levels of GRP78 were normalized by the levels of GAPDH, and relative values (%) are shown in graphs. (N) Peritoneal mesothelial cells in primary culture were exposed to physiological pH (7.4) or low pH (6.2) for 6 h and subjected to northern blot analysis of GRP78. (O) PBS ( pH 7.4) or neutralized Dianeal ( pH 7.4) was administered twice into the peritoneal cavity of mice at 0 and 4 h. The peritoneum was sampled at 8 h and subjected to northern blot analysis.
Blunted activation of NF-κB by acidosis via ER stress 4055 performed using the non-parametric Mann-Whitney U-test to compare data in different groups. P-value <0.05 was considered to indicate a statistically significant difference.
Results

Induction of ER stress by acidic stress
To examine whether PDF has the potential to induce ER stress, PDF (Dianeal 1.5%; pH 5.2, glucose 1.36 g/dL and lactate 40 mM) was administered into the peritoneal cavity of mice, and after 8 h, the peritoneum was sampled and subjected to northern blot analysis of GRP78, the endogenous marker of ER stress. Under a physiological condition, only a low level of GRP78 mRNA was detectable. However, exposure to PDF caused substantial induction of GRP78 in the peritoneum ( Figure 1A ). This induction occurred within 6 h and sustained for at least 20 h (Supplementary Figure S1) . PDF has several unphysiological properties such as low pH, high lactate concentration and high glucose concentration. We examined which unphysiological factor is responsible for the induction of ER stress by PDF. For this purpose, cultured human mesothelial cells (MeT5A) were exposed to low pH (6.2), high lactate concentration (40 mM) or high glucose concentration (3.0 g/dL), and expression of GRP78 was evaluated. Exposure to tunicamycin and thapsigargin were used as positive controls. Like tunicamycin and thapsigargin, low pH induced expression of GRP78. In contrast, GRP78 was induced neither by high lactate nor high glucose concentration ( Figure 1B ). The induction of ER stress by low pH was also evidenced by phosphorylation of eukaryotic translation initiation factor 2α (eIF2α) ( Figure 1C ). The induction of ER stress by low pH was a phenomenon not specific to mesothelial cells but was also observed in other cell types. As shown in Figure 1D , low pH, but not high lactate and high glucose concentrations, induced ER stress in rat mesangial cells. It is known that acidosis is developed within malignant glioma, which may cause its resistance to radiochemotherapy [1] . Another report also showed that GRP78 was significantly elevated in specimens of malignant glioma, which also causes chemoresistance [19] . Currently, however, relationship between acidic stress and ER stress in malignant glioma is unclear. We found that, in human glioblastoma T98G cells, low pH caused ER stress. It was evidenced by expression of GRP78, cleavage of ATF6 and splicing of XBP1 mRNA ( Figure 1E-G) . These results suggest the general potential of acidic stress for the induction of ER stress in malignant and non-malignant cells.
To confirm the importance of low pH in PDF-induced ER stress, MeT5A cells were cultured at different pH (7.4-6.2) for 8 h or at pH 6.2 for different time periods (0-10 h) and subjected to analysis. As shown in Figure 1H , substantial increases in the level of GRP78 were observed at pH ≤6.4. This induction was rapid, occurred within 4 h and sustained for at least 10 h ( Figure 1I ). Of note, the induction of GRP78 was reversible (Supplementary Figure S2) , and treatment with low pH for up to 12 h did not affect cell viability (Supplementary Figures S3A and S3B) . In contrast, high lactate concentrations and high glucose concentrations did not induce expression of GRP78 at any dosage ( Figure 1J and L) and any time point tested ( Figure 1K and M) . Furthermore, expression of GRP78 was substantially induced by low pH in primary cultures of murine mesothelial cells ( Figure 1N ). Consistent with these in vitro results, induction of ER stress was not observed in the peritoneum exposed to PDF neutralized by HEPES ( pH 7.4) (Figure 1O ), confirming our conclusion.
Roles of acidosis and ER stress in the suppression of MCP-1 expression and monocyte infiltration
We recently reported that exposure of MeT5A cells to low pH caused blunted expression of MCP-1 in response to inflammatory cytokines [3] . We first confirmed this result using primary cultures of murine mesothelial cells. Mesothelial cells were established from the peritoneum of mice and stimulated by TNF-α at pH 7.4 or 6.2. As shown in Figure 2A , expression of MCP-1 was induced by TNF-α at pH 7.4, whereas it was markedly inhibited at pH 6.2. To examine whether the suppressive effect of low pH on MCP-1 is ascribed to the induction of ER stress, MeT5A cells were pre-treated with inducers of ER stress, tunicamycin and thapsigargin, and stimulated by TNF-α. Northern blot analysis revealed that tunicamycin and thapsigargin markedly suppressed expression of MCP-1 ( Figure 2B ). Consistent with this result, ER stress inducers also suppressed TNF-α-triggered MCP-1 expression in murine mesothelial cells ( Figure 2C) .
Induction of MCP-1 by LPS in the peritoneum is inhibited by pre-exposure to PDF [3] . We therefore examined an effect of PDF neutralized with HEPES ( pH 7.4) on the induction of MCP-1 in vivo. As shown in Figure 2D , and Supplementary Figure S4 treatment with acidic PDF inhibited induction of MCP-1, whereas the suppressive effect was not observed by neutral PDF.
To examine whether pre-conditioning by ER stress mimics the suppressive effects of PDF, mice were administered with or without ER stress inducers, and induction of MCP-1 by LPS was evaluated. Northern blot analysis showed that pre-treatment with thapsigargin suppressed induction of MCP-1 in the peritoneum ( Figure 2E ). Similarly, pre-treatment with tunicamycin also inhibited induction of MCP-1 ( Figure 2F ). This suppressive effect was associated with blunted accumulation of mononuclear cells in the peritoneal cavity ( Figure 2G ).
Role of acidic stress-elicited ER stress in the suppression of NF-κB
In our previous study, we showed that induction of MCP-1 by TNF-α was dependent on NF-κB in mesothelial cells. It was evidenced by the facts that MG132 (inhibitor of IκB degradation) as well as SC-514 (inhibitor of IKK2/NF-κB) suppressed induction of MCP-1 by TNF-α [3] . We therefore tested whether ER stress attenuates activation of NF-κB in mesothelial cells. For this purpose, MeT5A cells were transiently transfected with pNFκB-Luc, pre-treated with tunicamycin or thapsigargin to induce ER stress and stimulated by TNF-α. Chemiluminescent assay revealed that treatment with TNF-α activated NF-κB, and it was significantly suppressed by the ER stress inducers 4056 H. Johno et al.
( Figure 3A ). This result was further confirmed using another reporter cell line that expresses SEAP under the control of NF-κB. Northern blot analysis showed that TNF-α induced expression of SEAP, and this induction was suppressed by the pre-treatment with tunicamycin or thapsigargin ( Figure 3B ). Of note, the suppression was inversely correlated with the induction of GRP78. If ER stress is induced by low pH and consequent ER stress inhibits NF-κB, low pH must have the potential to attenuate NF-κB activity. We therefore examined this issue using the luciferase reporter system and the SEAP reporter system. Reporter cells were pre-treated with neutral pH or low pH and stimulated by TNF-α. Chemiluminescent assay showed that low pH significantly attenuated activation of NF-κB by TNF-α ( Figure 3C ). Consistent with this result, northern blot analysis also showed that low pH suppressed NF-κB-driven expression of SEAP and that it was inversely correlated with induction of ER stress ( Figure 3D ).
To confirm that the suppressive effect of low pH on NF-κB is indeed ascribed to ER stress, we utilized BIX, a selective inducer of BiP/GRP78 [7] , to reduce the level of ER stress. As shown in Figure 3E , treatment with 5 μM BIX induced expression of BiP/GRP78 without up-regulation of CHOP, another marker for ER stress. In tunicamycin-treated cells, BIX enhanced expression of BiP/ GRP78 and attenuated ER stress evidenced by downregulation of CHOP. Based on this result, MeT5A cells transfected with pNFκB-Luc were pre-treated with BIX (5 μM), exposed to low pH or physiological pH and stimulated by TNF-α. As shown in Figure 3F , attenuation of ER stress by BIX significantly reversed the suppressive effect of low pH on NF-κB ( Figure 3F ). These results suggest that acidic stress caused by PDF inhibited activation of NF-κB and thereby suppressed expression of MCP-1 through induction of ER stress, as illustrated in Figure 4 .
Discussion
In the present investigation, we demonstrated that PDF, but not neutralized PDF, caused ER stress in the peritoneum. Acidic stress had the potential to induce ER stress that was responsible for blunted activation of NF-κB and attenuated induction of MCP-1 in cultured mesothelial cells. We also provided in vivo evidence that ER stress suppressed induction of MCP-1 in the peritoneum and impaired infiltration of mononuclear cells in LPS-treated mice. These results suggest that PDF triggers ER stress via acidic stress and consequent impairment of MCP-1 expression in mesothelial cells via suppression of NF-κB. It may lead to perturbation of bacterial clearance by macrophages in the peritoneal cavity.
In this report, we showed that the induction of ER stress by PDF was ascribed to its acidic property, but not to high glucose or high lactate concentrations. The induction of ER stress by low pH was observed not only in MeT5A cells but also in murine mesothelial cells ( primary culture), rat mesangial cells and human (E-G) PBS, thapsigargin (1.25 mg/kg) (E) or tunicamycin (0.6 mg/kg) (F, G) were administered into the peritoneal cavity of mice, and LPS was injected intra-peritoneally at 16 (E) or 48 h (F, G). At 24 (E) and 56 h (F), the peritonea were sampled and subjected to northern blot analysis of MCP-1. Peritoneal lavage was also performed at 60 h to evaluate the number of infiltrating mononuclear cells (G). Assays were performed in quadruplicate. Data are presented as means ± standard error. Asterisks indicate statistically significant differences (P < 0.05).
Blunted activation of NF-κB by acidosis via ER stress 4057 glioblastoma cells. A previous report showed that, in vascular smooth muscle cells, extracellular low pH induced Ca 2+ release from the ER [20] . Because depletion of Ca 2+ store in the ER is a trigger for ER stress [4] , Ca 2+ release from the ER may be causative of the induction of ER stress by low pH. Indeed, our preliminary data showed that a Ca 2+ chelator EGTA attenuated induction of GRP78 by low pH in MeT5A cells (our unpublished data), supporting this possibility. Currently, precise mechanisms involved in this phenomenon are unknown, but ryanodine receptors may be responsible for the acidosis-triggered Ca 2+ release from the ER [20] . A previous study suggested that extracellular low pH may cause activation of NF-κB and NF-κB-dependent were pre-treated with tunicamycin or thapsigargin for 6 h, stimulated by TNF-α for 8 h and subjected to luciferase assay and formazan assay (A) and northern blot analysis of SEAP and GRP78 (B). (C, D) MeT5A cells transfected with pNFκB-Luc (C) or pNFκB-SEAP (D) were pre-treated with physiological pH or low pH for 6 h, stimulated by TNF-α for 8 h and subjected to luciferase assay and formazan assay (C) and northern blot analysis (D). (E) MeT5A cells were treated with indicated concentrations of BIX for 6 h, stimulated with tunicamycin for additional 6 h and subjected to northern blot analysis of BiP/GRP78 and CHOP. (F) MeT5A cells transfected with pNFκB-Luc were pre-treated with BIX (5 μM) and exposed to physiological pH or low pH for additional 6 h. The cells were then stimulated with TNF-α for 8 h and subjected to luciferase assay and formazan assay. In (A), (C) and (F), luciferase activity was normalized by the number of viable cells estimated by formazan assay, and relative activity is shown.
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gene expression in some cancer cells [21] . In contrast, we provided evidence showing that low pH did not activate but rather suppressed cytokine-induced activation of NF-κB and NF-κB-dependent gene expression in mesothelial cells. Our current findings are consistent with previous reports showing that low pH suppressed LPS-induced activation of NF-κB in macrophages and pulmonary endothelial cells [22, 23] . An important finding in this report is that ER stress is involved in the acidosismediated suppression of NF-κB and MCP-1 in TNF-α-treated cells. Several mechanisms may be postulated in this phenomenon. One possible target is TNF receptorassociated factor 2 (TRAF2). In the TNF-α signalling, TRAF2 is essential for activation of NF-κB [24] . Hu et al. [25] reported that, in thapsigargin-or tunicamycintreated MCF-7 cells and L929 cells, the level of TRAF2 protein was selectively down-regulated. However, it is conceivably not the case in low pH-exposed mesothelial cells because our previous result showed that acidic stress did not affect the level of TRAF2 protein [3] . Another possible target may be CCAAT/enhancer-binding protein β (C/EBPβ). C/EBPβ has the potential to block p65 phosphorylation and thereby to inhibit NF-κB-mediated transcription [26] . A previous report showed that, in human hepatoma cells, C/EBPβ was induced transcriptionally in response to ER stress [27] . Induction of C/EBPβ may be causative of low pH-induced suppression of NF-κB. However, our previous result also showed lack of induction of C/EBPβ by low pH in mesothelial cells [3] , excluding this possibility. Further investigation will be required to disclose exact targets of the acidosis-ER stress pathway for NF-κB inhibition. As described, PDF has several unphysiological properties including low pH, high lactate concentration and high glucose concentration. These factors may cause complications in PD patients [28, 29] . For example, PDF suppresses phagocytosis and bacterial killing by macrophages, which may be caused by low pH [30] . In addition to this direct effect of PDF on macrophages, our current results indicate a possibility that the acidic property of PDF may also impair the potential of mesothelial cells to recruit mononuclear cells via induction of ER stress. Indeed, we provided evidence that intra-peritoneal administration of acidic PDF or ER stress inducers, but not neutral PDF, suppressed expression of MCP-1 and infiltration of mononuclear cells in the peritoneum following injection with LPS. These results suggest a possibility that induction of the acidosis-ER stress pathway by PDF may cause perturbation of monocyte recruitment by mesothelial cells in PD patients. It may, at least in part, explain why PD patients are susceptible to bacterial peritonitis, the most common complication in PD.
Several previous reports showed that some groups of PD patients have a high incidence of peritonitis. For example, it is known that obesity is a risk factor for PDrelated peritonitis [31] . Another important risk factor is diabetes mellitus [32] . The high incidence of peritonitis in diabetes may be due to impaired immunity in the peritoneum. Several lines of evidence indicate that diabetic conditions affect peritoneal defence mechanisms by interfering with migration of phagocytic cells [33] . Formation of advanced glycation end products could be involved in the impaired macrophage function [34] . Based on this current knowledge, our present results gives caution that use of acidic PDF may further increase the risk of peritonitis in diabetic PD patients.
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